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Abstract 
Fibre reinforcement is commonly used to provide toughness and ductility to brittle cementitious matrices. 
Reinforcement of concrete with a single type of fibre may improve the desired properties to a limited level. A 
composite is termed as hybrid, if two or more types of fibres are rationally combined to produce a composite that 
derives benefits from each of the individual fibres and exhibits a synergetic response. This study aims to 
characterize and quantify the mechanical properties of hybrid fibre reinforced concrete. For this purpose four mixes, 
one plain control mix and three fibre reinforced mixes were prepared. One of the mixes were reinforced in a hybrid 
form. Two different types of fibres were used one of which was macro steel fibre, and the other one was micro fibre 
(banana fibre). Banana fibres are widely available worldwide as agricultural waste from Banana cultivation. Banana 
fibres are environmental friendly and present important attributes, such as low density, light weight, low cost, high 
tensile strength, as well as being water and fire resistant. The effect of addition of mono fibres and hybrid fibres on 
the mechanical properties of concrete mixture made of M30 grade was studied in the present investigation. In this 
study, the optimum addition of fibres obtained from previous reviews such as Steel fibres of 1% by volume of 
concrete and banana fibres of 0.5% by weight of cement was added individually to the concrete mixture as mono 
fibres and then they were added together to form a hybrid fibre reinforced concrete. Mechanical properties such as 
compressive, split tensile and flexural strength were determined. The results show that hybrid fibres improve the 
compressive strength marginally as compared to mono fibres. Whereas, hybridization improves split tensile strength 
and flexural strength noticeably. 
 
Keywords: Banana fibre, Crimped steel fibre, Hybridization, Mono fibres, Strength. 
 
 
1. INTRODUCTION 
Concrete is weak in tension and has a brittle 
character. The concept of using fibres to improve the  
 
characteristics of construction materials is very old. 
Use of continuous reinforcement in concrete 
increases strength and ductility, but requires careful 
placement and labour skill. Alternatively, 
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introduction of fibres in discrete form in plain or 
reinforced concrete may provide a better solution. 
When concrete cracks, the randomly oriented fibres 
start functioning, arrest crack formation and 
propagation, and thus improve strength and ductility. 
The presence of micro cracks at the mortar- aggregate 
interface is responsible for the inherent weakness of 
plain concrete. The weakness can be removed by 
inclusion of fibres in the mix. Such a concrete is 
called FRC. Thus, the FRC is a composite material 
essentially consisting of conventional concrete 
reinforced by the random dispersal of short, 
discontinuous, and discrete fine fibres of specific 
geometry. Moreover the use of fibres alters the 
behaviour of fibre-matrix composite after concrete 
has cracked, thereby improving its   Ductility. Since 
the conventional fibres like steel, polypropylene and 
glass fibres have some limitations, focus on some 
other alternative materials which are easy to find in 
the locality is important. In India a great amount of 
Municipal Solid wastes and Agricultural wastes is 
produced every day. Reuse of such waste materials in 
concrete construction is happening nowadays. But 
they are in the form of Aggregates, Cement (for 
example fly ash, brick wastes, crusher powder etc.,). 
Similarly only small quantity of work is concentrated 
on Composites, particularly on natural waste 
materials. In many smaller towns and villages in the 
southern parts of India, materials such as Rice Husk, 
Coir, Nylon Fibre and Sugarcane stems, banana 
stems result in the form of fibres and granular 
materials as waste. Such materials have to be chosen 
and properly treated and shaped in the form of fibres 
or granules and introduced in concrete at critical 
zones for accessing the desired properties. So, here 
an attempt has been made to investigate the 
possibility of reusing these locally available rural 
waste fibrous material (banana fibre) as concrete 
composite. Extensive research work on FRC during 
the last two decades has established that combination 
of two or more types of fibres such as metallic and 
non-metallic fibres increase overall performances of 
concrete. The beneficial effects of non-metallic fibres 
like banana fibre  is to arrest the propagation of micro 
cracks in the plastic stage of concrete due to their 
lower stiffness and increased fibre availability 
(because of lower density as compared to steel) at a 
given volume fraction. It is important to have a 
combination of low modulus (banana fibre) and high 
modulus fibres (steel) to arrest the micro and macro 
cracks, respectively. 
1.1 Banana fibre 
Banana (musa sapientum) is a tropical humid lowland 
crop, after the harvest of fruit huge quantities of 
biomass (pseudo stem, leaves, etc.) are generated and 
discarded as waste due to non -industrial utilisation. 
Banana fibres are generally lignocellulose material, 
consisting of helically wound cellulose micro-fibrils 
in amorphous matrix of lignin and hemicelluloses. A 
high cellulose content and low micro-fibril angle 
impart desirable mechanical properties for banana 
fibres. The composition of banana stem obtained by 
elemental analysis, is given in Table 1.  
 
Table 1. Composition of banana stem fibres [8] 
Pseudo-stem fibre is a bast fibre and it can be 
extracted after the fruit bunch was harvested by using 
an extractor machine. To improve its surface 
morphology and fibre mechanical properties, 
chemical treatment is applied. The extracted fibres 
were then treated in 5% sodium hydroxide (NaOH) 
solution for four (4) hours, under total immersion 
condition to avoid oxidation of the fibre, after which 
it was washed in overflowing tap water until neutral 
pH is attained. Alkali treatment increases surface 
roughness resulting in better mechanical bonding and 
the amount of cellulose exposed on the fibre surface. 
This increases the number of possible reaction sites 
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and allows better fibre wetting. The possible reaction 
of the fibre and Sodium Hydroxide (NaOH) is 
represented in Equation (1). 
Fibre-OH+NaOH → Fibre-O-Na++H2O         (1) 
 
Figure: 1 Banana fibres soaked in NaOH solution 
2.  MATERIALS AND MIX 
PROPOTION 
2.1 Materials  
In this experimental study cement, sand, coarse 
aggregate, water, conplast SP430, steel and banana 
fibres were used.  
Cement: Ordinary Portland cement of 53 grade 
confirming to IS 12269-1987 with specific gravity 
3.12 was used for the preparation of test specimens. 
Coarse aggregate: Crushed granite stones from the 
local quarry of size 20 mm and 10 mm in the ratio of 
60:40 respectively confirming to IS: 383-1970 was 
used as coarse aggregate. The specific gravity of 10 
mm and 20 mm coarse aggregate were 2.72 and 2.74 
respectively with water absorption of 0.31%and 
fineness modulus of 7.5. 
Fine aggregate: Locally available River sand of zone 
II conforming to the code IS 383-1970 with specific 
gravity of  2.69,water absorption of 1.04% and 
fineness modulus of 2.86 was used in this study.  
Water: Fresh, clean and potable water from tap was 
used for mixing and curing the concrete as per 
IS:456-2000 in the entire experimental programme.  
Superplaticizer: A commercially available super 
plasticizer CONPLAST SP430 conforming to IS 
9103:1999 was used in all mixes. The super 
plasticizer was added at a rate of  0.5 % by weight of 
cement to all mixes. The specific gravity of super 
plasticizer was 1.2. 
Steel Fibres (SF): Round Crimped steel fibres 
(SHAKTIMAN® MSC 7550) conforming to ASTM 
A820 with aspect ratio of 67 were used in this 
research work. The physical properties of round 
crimped steel fibre are given in Table 2. 
 
 
 
 
 
 
Figure: 2 Crimped steel fibre 
 
 
 
 
 
 
 
Table: 2 Properties of Steel Fibre 
Banana Fibres (BF): In this study locally obtained 
banana fibres with aspect ratio of 100 were used for 
casting specimens. The physical properties of banana 
fibre tested in PSG TECH textile laboratory are given 
in Table 3. 
 
Figure: 3  Banana fibres 
 
 
 
SI.No Description Result 
1. Length 50 mm 
2. Diameter 0.75 mm 
3. Aspect Ratio 67 
4. Tensile strength 1100 MPa 
5. Young‟s modulus 210 GPa 
6. Elongation 15% 
7. Density 7.85 g/cm3 
8. Specific gravity 7.9 
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Table: 3 Properties of Banana Fibre 
2.2 Mix proportion 
Four types of concrete mixes were prepared using 
M30 grade with water-cement ratio of 0.45 (i) Plain 
concrete (PC) (ii) Concrete reinforced with 0.5% (by 
weight of cement) of Banana fibres (BFRC) (iii) 
Concrete reinforced with 1% (by volume of concrete) 
of Steel fibres (SFRC) and (iv) Concrete reinforced 
with combination of 0.5% banana fibres + 1% of 
Steel fibres (HFRC). The mix design of the 
conventional plain concrete mix (PC)  for M30 grade 
is carried out according to IS 10262:2009.The mix 
ratio of 1:.2.35:3.5 with w/c ratio of 0.45 was used 
for casting of specimens. Concrete composition, 
design is given in Table 4 . The percentages of fibres 
are decided based on the review [5, 7].   
Mixing casting and curing  
Concrete was mixed along with steel fibre, banana 
fibre and super plasticizer. Concrete was placed 
uniformly over the length of the standard steel mould 
in three layers and compacted satisfactorily. 
Demoulding was done after 24 hours and the 
specimens were cured under water. After 28days, the 
specimens were removed from curing tank and taken 
for testing. 
 
Table: 4 Concrete  Composition Design 
 
3. EXPERIMENTAL METHODS 
Plain concrete possesses very low tensile strength, 
limited ductility and little resistance to cracking. The 
presence of micro cracks is responsible for weakness 
of plain concrete. The strength characteristics and 
economic advantages of fibre reinforced concrete are 
better compared to conventional concrete. To study 
the fundamental strength characteristics, the 
following studies have been carried out. 
3.1 Compressive Strength Test 
For compressive strength test, cube specimens of 
dimensions 150 mm x 150 mm x 150 mm were cast 
for M30 grade of concrete. The moulds were filled 
with concrete. After 24 hours the specimens were 
demoulded and transferred to curing tank wherein 
they were allowed to cure for 28 days. These 
specimens were tested in compression testing 
machine. The load was applied as per IS 516-1964. In 
each category, three cubes were tested and their 
average value is reported by using the following 
formula. 
Compressive strength  = Load/Area (MPa) 
 
Figure: 4 Test setup for compressive test 
SI.No Description Result 
1. Length 25 mm 
2. Diameter 0.25 mm 
3. Aspect Ratio 100 
4. Tensile strength 145 MPa 
5. Young‟s modulus 43.5 GPa 
6. Elongation 1.7 % 
7. Density 1.35 g/cm3 
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3.2 Split Tensile Strength Test 
Direct measurement of tensile strength of concrete is 
difficult. One of the indirect tension test method is 
Split tension test. The Split tensile strength test was 
carried out on the compression testing machine. The 
casting and testing of the specimens were done as per 
IS 5816: 1999. For the tensile strength test, cylinder 
specimens of dimension 150 mm diameter and 300 
mm length were cast. The specimens were 
demoulded after 24 hours of casting and were 
transferred to curing tank wherein they were allowed 
to cure for 28 days. In each category, three cylinders 
were tested and their average value is reported. 
Tensile strength was calculated as follows,  
Split tensile strength = 2P / π DL (MPa 
Where,  
P  = Failure load, 
D = Diameter of cylinder, 
L =  Length of cylinder 
 
Figure: 5 Test setup for Split tensile test 
 
3.3 Flexural Strength Test 
The extreme fibre stress calculated  at the failure of 
the specimen is called Modulus of rupture. It is also 
an indirect measure to predict the tensile strength of 
concrete. The Flexural strength test was conducted as 
per the recommendations in IS 516-1964. Beam 
specimens of size 100 mm x 100 mm x 500 mm were 
cast. The samples were demoulded  after 24 hrs from 
casting and kept in a water tank for 28 days curing. 
The specimens were placed in UTM and tested for 
flexural strength. 
 
Table: 5 Comparison of Mechanical Properties of 
Concrete Specimens 
 
Flexural strength was calculated as follows,  
Flexural strength = PL/BD2  (MPa) 
Where, 
P = Ultimate load , 
D = Depth of the beam , 
B = Breadth of the beam, 
 L = Length of the beam  
 
 
 
 
 
 
 
Figure: 6 Test setup for Flexure test 
4. RESULTS AND DISCUSSION 
The test results of BFRC, SFRC and HFRC are 
compared with PC at 28days of curing. The 
comparison of mechanical properties of concrete 
specimens given in Table 5 is discussed below. 
4.1 Compressive Strength 
From Table 5, at 28 days of curing, the compressive 
strength of concrete mixture increases by 6.56% for 
BFRC, 16.34% for SFRC and 30.45% for HFRC 
respectively. Result shows that the % increase in the 
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compressive strength is higher with the addition of 
1% SF as compared to 0.5% of BF. However, 
hybridisation improves the compressive strength 
marginally as compared to mono fibres. The variation 
of compressive strength at 28 days curing for 
different concrete composition are given in Figure 7. 
 
 
Figure: 7 Average Compressive Strength at 28 days 
4.2 Split Tensile Strength 
From Table 5, at 28 days of curing, the split tensile 
strength of concrete mixture increases by 15.53% for 
BFRC, 22.07% for SFRC and 44.95% for HFRC 
respectively. There is a substantial increase in the 
split tensile strength with the addition of fibres to the 
concrete mix. Hybrid fibres improve the split tensile 
strength noticeably as compared to mono fibres.The 
variation of split tensile strength at 28 days curing for 
different concrete composition are given in Figure 8.  
 
Figure: 8 Average Split tensile Strength at 28 days 
4.3 Flexural Strength 
From Table 5, at 28days of curing, the flexural 
strength of concrete mixture increases by 12.5% for 
BFRC, 47.92% for SFRC and 62.5% for HFRC 
respectively. Similar trend as shown in split tensile 
strength is observed in case of flexural strength. 
Hybridization keeps improving the flexural strength 
as compared to mono fibres. The variation of flexural 
strength at 28 days curing for different concrete 
composition are given in Figure 9. 
 
Figure: 9 Average Flexure Strength at 28 days 
5. CONCLUSIONS  
Following conclusions are drawn from the present 
investigation: 
    1. It is evident from the present investigation  that 
the hybridization of fibres proves to be better as 
compared to mono fibres. 
    2. There was a 30% increase in the compressive 
strength as a result of hybridization because the high 
elastic modulus of steel fibre and the low elastic 
modulus of Banana fibre work in perfect 
combination.  
   3. Hybridization boosted the split tensile strength 
and flexural strength by 44.95% and 62.5% 
respectively . The higher number of fibres bridging 
the diametric „splitting‟ crack, the higher would be 
the spilt tensile strength.  
      4. The increased fibre availability of Banana 
fibres, combined with the high stiffness of Steel 
fibres, resulted in a significant enhancement in split 
tensile strength. 
      5. It can be observed that, under axial loads 
cracks occurring  in the microstructure of concrete 
and growth of cracks are limited by the fibres.  
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      6. The improved mechanical properties of the 
HFRC would result in reduction of warping stresses, 
short and long term cracking. 
6. FUTURE SCOPE 
Further investigations about natural fibre reinforced 
concrete are needed in order to clarify several aspects 
that current knowledge does not. The available 
literature data are mostly related to the mechanical 
behaviour of natural fibre reinforced concrete. For 
instance, only recently has the delaying effect of fibre 
inclusion received the proper attention. Since the 
main reason for fibre degradation relates to alkaline 
degradation, much more research is needed about the 
chemical interactions between the cement matrix and 
the natural fibres. The right treatments to improve 
fibre and cement matrix compatibility are still to be 
found. Durability related issues also deserve more 
research efforts. 
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